Abstract
Introduction

40
Chronic periodontitis affects roughly 750 million people, making it one of the most prevalent 41 infections worldwide (1) . Its outcome can ultimately be tooth loss, but additionally it is 42 associated with several systemic conditions like artherosclerotic cardiovascular disease (2).
43
Periodontitis is the result of the dynamic interactions between a highly complex oral 44 microbial community and the host immune system, and its etiology is not causally understood Hence, the host is no longer able to control the growth of the periodontal biofilm, tipping the 50 balance from homeostasis to dysbiosis. Commensals can then become accessory pathogens 51 that act synergistically with keystone pathogens and form a pro-inflammatory community 52 that elicits a non-resolving and tissue-destructive host response (4).
53
Cultivation methods and various cultivation independent molecular methods have all been 54 used to study the composition of the polymicrobial periodontal community (5). Next 55 generation sequencing opens a new window which allows determining the species 56 composition of microbial communities in unprecedented depth and has shown that the oral 57 microbial community is the second most diverse one after the gut (6).
58
In the context of individualized medicine it will be desirable to detect changes in the 59 periodontal community related to host genetics, life style and infections and to identify 60 biomarkers for periodontitis at the earliest possible stage to initiate treatment and prevent the 61 disease from entering the chronic stage. The present study was part of the pre-test 1 phase of 62 the "German National Cohort" (GNC) which is conducted as an interdisciplinary, population-63 4 based longitudinal cohort study (7). In the GNC, a total of 200.000 individuals (aged 20 -69) 64 will be recruited and their health will be monitored for a period of 30 years to study the 65 development of chronic diseases (cardiovascular diseases, cancer, diabetes, 66 neurodegenerative diseases, pulmonary and infectious diseases). A subpopulation of 40.000 67 individuals will be subject to in-depth analyses protocols. The major aim of the pre-test 1 68 phase was to test the feasibility of methods that might be used later in the main study.
69
Here we chose Illumina MiSeq 16S rRNA gene amplicon sequencing because of the lower 70 costs compared to pyrosequencing, high sequencing depth and low error rate in comparison 71 to other platforms (8). On the other hand, it produces short reads making the taxonomic 72 assignment more difficult (9-13).
73
Since the various regions of the ribosomal RNA gene have different taxonomic resolution, 74 we compared community profiles obtained by independently amplifying the V1V2 and V5-75 V6 hypervariable region, respectively. We also determined the effect of successively more The present study was designed in cooperation between the working groups "Infection" and 87 "Dental Health" in the "German National Cohort". The study protocol was approved by the 88 local ethics committee (Bayerische Landesärtzekammer, München) and written consent was 89 obtained from all participants. All participants of this sub-study were participants of the so- reminder letter was sent. Finally, 19 subjects followed the invitation to have a dental 95 examination and microbiological analysis of the sub-gingival plaque.
96
Standardization of the clinical examination
97
Each participant was examined by a dentist in a medical praxis. Prior to the dental 98 examination, all participants had the opportunity to brush their teeth. The examination 99 equipment consisted of a dental mirror with a plane surface, a blunt Community Periodontal 100 Index (CPI) probe (CP-11.5B6, Hu-Friedy, Chicago, IL, USA) and a LED lamp (model 17.9,
101
Rupprich, Görlitz, Germany). The dental examination included, first, the registration of the 102 dental status according to the Decay-missing-filled (DMF) index (14). Second, the pocket 103 probing depth was measured at six points per tooth in mm. Periodontitis was diagnosed in 104 subjects with probing depths >3.5 mm (15).
105
Standardization of sample collection and processing
106
After removal of supragingival plaque with cotton pellets subgingival samples were collected 107 by insertion of a sterile paper point (ISO 40, VDW, München, Germany) for 30 s into the 108 deepest pocket. Cotton rolls were used to avoid saliva contamination. One paper point was 109 sampled per tooth, and 1 -4 teeth were sampled for each subject (Datasheet S1). Paper points 110 6 originating from the same subject were placed together in an Eppendorf tube, immediately 111 frozen and stored at -80° C until extraction.
112
DNA was extracted from paper points in two consecutive steps, increasing the aggressiveness 113 of the lysis protocol. In the first extraction (enzymatic and mechanical extraction method, 114 EM) the paper points in one Eppendorf tube were incubated in lysis buffer containing 10 mM 115 Tris, 1 mM EDTA, pH 8.0, 2.5 mg/ml lysozyme (Sigma, Steinheim, Germany) and 50 U/ml 116 mutanolysin (Sigma, Steinheim, Germany) at 25°C for 1 h on a shaking incubator at 350 rpm.
117
Afterwards, 700 µl of the second lysis buffer containing 100 mM Tris/HCl, 100 mM EDTA, 118 100 mM NaCl, 1% (wt/vol) polyvinylpyrrolidone and 2% (wt/vol) cetrimonium bromide, pH The hypervariable regions of the 16S ribosomal RNA gene were amplified using primers 27F
134
and 338R for the V1-V2 region (9) and primers 807F and 1050R (16) for the V5-V6 region.
135
Primers were barcoded and provided with adapters for Illumina sequencing as described (9).
136
For each periodontal pocket sample, two DNA extractions were prepared (EM and FP), and 137 two sets of primers were used for each DNA (V1-V2 and V5-V6 to the best AUC value of the random data. Furthermore, permutation tests were carried out.
219
The above described procedures for generating random data and the calculation of the best
220
AUC value for the random table were repeated 1000 times to carry out a permutation test. In that were larger than the best AUC value for the original data.
225
To elucidate which biomarkers could distinguish the healthy from the periodontitis showing the numbers of correctly and wrongly classified individuals were calculated.
235
Results and discussion
236
Quality control and taxonomy assignment of reads 237 The workflow for processing the reads and for taxonomy assignment is shown in Figure 1A .
238
Sequence data underwent quality control, removal of rare sequences, and clustering into and V5-V6 respectively). Figure S1 shows that in all four analysed profiles a cluster of highly 270 correlated OTUs that included Enterococcus and Exiguobacterium OTUs was detected. They 271 had on average only 94.5% identity to the best match in HOMD, which indicates that they
272
were not typical inhabitants of the oral cavity. The retained OTUs had on average 99% 273 identity to the best match in HOMD. In total app. 11% of total reads were manually removed 274 from the dataset, resulting in 523 V1-V2 OTUs and 432 V5-V6 OTUs that were then 275 analysed further. The original data set, the curated data set, and the list of OTUs that were 276 removed are shown in Datasheet S1. Datasheet S2 provides the normalized reads per OTU. 
286
We compared the two data sets for V1-V2 and V5-V6 with respect to presence or absence of 287 species and higher taxa. Putative representatives of 251 species, 101 genera, 48 families, 29 288 orders, 21 classes and 11 phyla were identified by both regions in total ( Figure 1C) . Overall,
289
99% of all OTUs were assigned at least at the genus level and 52% were assigned at the 290 species level, including "unnamed species" which are designated "Human Oral Taxon" We then investigated the effect of the amplified region on the abundance of taxonomic 328 classes in our samples ( Fig. 2A) . No difference was observed in the average relative 329 abundance of all classes except five: Synergistetes were almost undetectable with V5-V6 330 primers, while they comprised above 1 % using V1-V2 primers. Deltaproteobacteria,
331
Fusobacteria and Erysipelotrichia were more abundant in the V1-V2 profiles, while Clostridia 332 were more than four times more abundant in the V5-V6_FP than in the V1-V2-EM dataset.
333
Significant differences in the community profiles generated by different sets of primers have 334 been observed before. For example, Bacteroidetes were found to be almost absent, while
335
Proteobacteria and Synergistetes were two times or more abundant in V4 profiles compared 336 to V1-2 profiles (28). 
341
Identification of hard-to-lyse phylotypes 342 We then investigated how the community structure was affected by sequentially more 343 aggressive cell lysis. In the first DNA extraction step (EM), only a mild mechanical lysis 344 using bead-beating was applied. In the second extraction step (FP), the pellet from the first and Deltaproteobacteria, which were more abundant in FP profiles than in EM profiles,
352
independent from the amplified region, suggesting that these classes contain a large fraction
353
of hard-to-lyse phylotypes.
354
To confirm this, we looked for OTUs that were on average at least 4 fold more abundant in communities from individuals diagnosed with periodontitis from those that were healthy.
378
Since some of the species with low abundance might have an important role in shifting the 379 community activity towards a dysbiotic stage (4) log-transformed data were used, which 380 down-weighs the importance of the abundant taxa. values than the random data ( Figure S4A ).This is also confirmed by the plots of the 395 corresponding ROC curves ( Figure S4B ).
396
The analysis was consistent across taxa (data not shown), but due to the increase in the 
439
Peptostreptococcaceae XIII G4 sp,, Eubacterium XI G6 sp., Peptostreptococcaceae 11 G4 sp.
440
HOT 369 and Peptostreptococcus stomatitis HOT 113 were also linked to periodontitis and 441 are also "hard-to-lyse".
442
Among the OTUs with significant LDA scores also Chloroflexi [G1] was found, confirming although it is generally considered a major cause of aggressive periodontitis (44) . A.
20
actinomycetemcomitans amounted to 5% in sample 3 (periodontitis), and had a very low 447 abundance (< 0.05%) in several other samples, both from healthy and diseased individuals.
448
Carriage is most strictly correlated with periodontitis in localized aggressive childhood 449 periodontitis (44) and in our samples we had only one individual with aggressive 450 periodontitis and she was 70 years old.
451
To summarize, periodontitis biomarkers identified in previous studies were fully confirmed 452 by our analysis. The red-complex pathogen P. gingivalis was identified as the best marker for the selection of the biomarkers were evaluated based on a jack-knife (leave-one-out) method.
22
To determine the influence of OTUs with very low abundance, which might contain 495 sequencing errors, the analysis was conducted using all OTUs (using the abundance filtering 496 criteria described in Mataerials and Methods) or only the 300, 200, 100 and 50 most abundant
497
OTUs of the dataset, respectively.
498
The best result was obtained using the 100 most abundant OTUs. OTUs where clustering was statistically significant using the SIMPROF routine in PRIMER6
796
(at a significance level of 99%). The V1-V2_FP dataset was used for this analysis. 
798
periodontitis demonstrated by the number of misclassified subjects in each category.
799
The full V1-2_FP dataset was used (all OTUs), or only the 300, 200, 100 and 50 most 800 abundant OTUs, respectively. The jack-knife method was applied for selecting the 10 best 801 classifiers and for training the dataset, significance was calculated with the random forest 802 method.
